Background: This study aimed to investigate the association between physical fitness and cardiometabolic health of Korean children and adolescents. Methods: In total, 168 participants (89 boys and 79 girls) aged 10-16 years were recruited for the Intervention for Childhood and Adolescent Obesity via Activity and Nutrition Study in 2016. The subjects were categorized into two groups using the definition of metabolic syndrome by the International Diabetes Federation: metabolically unhealthy (with at least two of the five criteria) and healthy groups (with less than one criterion). Correlation analysis of the participants' general characteristics was performed. Odds ratios (ORs) of physical fitness for cardiometabolic risk were evaluated via logistic regression. Results: Metabolically unhealthy children showed greater weight, height, and body mass index, higher Children's Depression Inventory score, and longer screen time than did the metabolically healthy children. Metabolically healthy children showed greater upper and lower extremity muscular strength than did the metabolically unhealthy children (P=0.04 and P<0.001, respectively). In the multiple logistic regression analysis, lower extremity muscle strength was inversely related to the clustered cardiometabolic risk of the children and adolescents with or without adjustment for confounders (OR, 4.32; 95% confidence interval [CI], OR, 7.64; 95% CI, respectively). Conclusion: Physical fitness, especially lower extremity muscle strength, is significantly inversely associated with individual and clustered cardiometabolic risks in Korean children and adolescents.
INTRODUCTION
Worldwide, cardiovascular diseases (CVDs) are the leading cause of both global mortality and disability. 1) Because the onset of atherosclerosis seems to occur in early childhood, it is currently recognized that CVDs are partly a pediatric problem. 2) Several risk factors for CVDs have been identified in children and adolescents, such as abdominal obesity, elevated blood pressure, insulin resistance, elevated triglyceride (TG) levels, and reduced highdensity lipoprotein (HDL) cholesterol levels. 3) These cardiometabolic risk factors during childhood tend to track into adulthood. 4) Accordingly, a global strategy based on knowledge of the importance of risk factors for CVDs for effective prevention is needed. 5) A higher level of cardiorespiratory fitness and muscle strength independently reduce the risk of cardiometabolic risk in adults. 6) Further, several studies on physical fitness and health in childhood and adolescence have been conducted in the last years. 7) Earlier studies suggest that a high level of cardiorespiratory fitness is associated with a healthier cardiovascular profile during childhood, 8) and muscle fitness has been recognized in the prevention of chronic diseases. 9) However, most of these preceding studies had been conducted predominantly in Western countries, and to our knowledge, there are a limited number of studies conducted on Asian children.
The primary aim of this study was to investigate the association between physical fitness and clustered cardiometabolic risk factors in Korean children and adolescents.
METHODS

Subjects
We conducted a cross-sectional analysis of the cardiometabolic health status of children and adolescents using data from the Intervention for Childhood and Adolescent Obesity via Activity and Nutrition (ICAAN)
Study. The ICAAN Study is an intensive multidisciplinary intervention program including nutritional education, exercise education, and behavioral modification for children and adolescents with predominantly severe obesity in Korea. In this study, we used baseline data from 289 subjects aged 6-16 years who enrolled in the 16-week pilot study to test the feasibility of the ICAAN program. Children and adolescents without obesity were also included as active controls. Finally, a total of 168 participants (89 boys and 79 girls) were included in this study after excluding 121 participants who were younger than 10 years and whose data, such as laboratory test findings, survey data, and physical fitness test findings, were missing.
All subjects and their parents provided informed consents before participation in this study. All study protocols were approved by institutional review board and ethics committee in Hallym University Sacred Heart Hospital (IRB approval no., 2015-I134). Korean growth charts for children and adolescents.
Definition of Cardiometabolic Health Status
12) The rest of the participants who did not meet the criteria described above were classified into the metabolically healthy group (MHG).
Clinical Variables
The weight and height were measured using the body composite analyzer, InBody 720 (Biospace Co., Seoul, Korea). The WC was measured to the nearest 0.1 cm during exhalation at the midpoint between the lower border of the ribcage and the iliac crest using a measuring tape. while the subjects were resting in a seated position; the two measures for each participant were averaged for the analysis.
Laboratory tests were performed only for the subjects whose parents had agreed to the performance of blood tests and provided written informed consent in advance. After at least 10 hours of fasting, blood samples were collected from the antecubital vein. The HDL cholesterol, TG, fasting serum glucose, and serum insulin levels were analyzed.
The homeostatic model assessment of insulin resistance (HOMA-IR) score was used as a measure of insulin resistance. 13) It was calculated by multiplying the fasting insulin level (mIU/mL) by the fasting glucose level (mg/dL) divided by 405. 14) We performed three tests to evaluate the level of physical fitness.
The arm curl test was used to measure the upper extremity muscle 
Questionnaire-Based Survey
Some information on the factors that may influence metabolic syndrome in children and adolescents was obtained from the structured questionnaire completed by the participants and their parents. These factors included screen time, parents' educational level, monthly household income, and Children's Depression Inventory (CDI) score.
15)
Statistical Analysis
All data in this study were analyzed using STATA ver. 14. Logistic regression analysis was conducted to investigate the relationship between the independent components of physical fitness and clustered cardiometabolic risk factors in children and adolescents. All tests were two-sided, and the level of significance was set at P<0.05.
RESULTS
The general characteristics of the study subjects are shown in Table 1 .
We divided all study subjects into two groups: MHG and MUG (n=109 and n=59, respectively) according to the modified IDF criteria for defining metabolic syndrome in children and adolescents. The MUG showed greater weight, height, and BMI, higher CDI score, and longer screen time than did the MHG. However, there were no significant differences in the parents' educational level (P=0.280) and monthly household income (P=0.601) between the two groups. The MHG showed greater upper and lower extremity muscle strength than did the MUG (P=0.04 and P<0.001, respectively). However, there was no significant difference in the cardiorespiratory function. 
DISCUSSION
This study was designed to investigate the association between the types of physical fitness and cardiometabolic risks in Korean children and adolescents. We found that the lower extremity muscle strength is inversely related to the clustered cardiometabolic risk of children and adolescents in Korea. In addition, there was a stronger association between lower extremity muscle strength and individual cardiometabolic risk factors than between the upper extremity muscle strength and cardiorespiratory fitness. In adults, it is widely known that a high level of muscle fitness reduces the risks for CVDs by decreasing the blood pressure, TG level, 16) and incidence of abdominal obesity 17) or increasing the HDL cholesterol level 18) and insulin sensitivity. 19) However, differing results on the association between physical fitness and cardiometabolic risks in children and adolescents have been reported. Although our results are not consistent with the following findings, some authors found the association of cardiorespiratory fitness with clustered metabolic risks to be slightly stronger than that with muscle strength. 20) Other researchers suggested that muscle strength, especially that of the lower extremity, shows a stronger association with cardiometabolic risks, 21) and our finding was consistent with this conclusion. One possible explanation for this is the increase in fat-free mass. In obesity, a greater amount of adipose tissue is gained. Fat-free mass also increases as the amount of adiposity increases, and this supports the extra load. 22) For this reason, children with obesity tend to perform upper extremity muscle exercises more easily and their lower extremity muscle strength tends to be lower. 23) In the present study, we also observed that insulin resistance measured using the HOMA-IR score was negatively related to the lower extremity muscle strength. Insulin resistance is characterized by a decrease in the ability of insulin to stimulate the use of glucose by the muscles and adipose tissue and to inhibit glucose production and output. 24, 25) We also found no significant association with a low socioeconomic status (SES), including parents' educational level and monthly household income. Some previous studies have shown that the SES in childhood is inversely related to cardiometabolic risk factors and vascular structure and function. 29) The discrepancy in these results may originate from cultural differences. The proportion of the population with tertiary education among South Koreans aged 25 to 64 is the highest among the Organization for Economic Cooperation and Development countries. 30) The rate of tertiary educational attainment in the parents or sponsors of the subjects in this study was 63.1% (106 out of 168), which may act as one of the confounders.
Our study has three limitations. First, the study sample cannot represent all children and adolescents of our country because of the small sample size and the limited available region. Second, owing to the cross-sectional nature of the study, we could not determine the causality between increase in physical fitness and change in clustered or individual cardiometabolic risk factors. Third, sex and age could act as confounders; however, no definite standard reference values of each physical fitness are available. Therefore, we attempted to calibrate these variables using statistical analyses stratified by sex and age and adjusting for multiple confounding factors, including sex and age.
Despite these limitations, this is the first study that investigated the relationship between cardiometabolic risks and physical fitness in Korean children and adolescents to the best of our knowledge. In conclusion, physical fitness, especially lower extremity muscle strength, is significantly inversely associated with individual and clustered cardiometabolic risks in Korean children and adolescents. Therefore, lower extremity muscle fitness can be an important predictor of cardiometabolic risks in children and adolescents. Further studies are needed to investigate the cardiometabolic change in relation to increase in physical fitness.
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